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Abstract 

The predictions for electroweak observables following from Higgs-Free Model 
for Fundamental Interactions are derived. It is shown that these predictions are 
close to the Standard Model predictions and they are in a surprising agreement 
with the experimental data. The analysis of electroweak observables at low and 
high energy suggests that the Higgs mass ran is just the ultraviolet cutoff which 
increases if the process energy scale increases. We propose several experimental 
tests which can discriminate between the Standard and the Higgs-Free Models. 



* This paper is the refined version of the preprint ILAS/EP-1-1995 (hep-ph 9501370), which 
takes into account the newest electroweak data and is now published in two parts: Part I: 
Formulation of the model, Part II: Predictions for electroweak observables. 

1 Partially supported by Grant No. 2 P302 189 07 of Polish Committee for Scientific Researches. 

2 Partially supported by the Stiftung Fiir Deutsch-Polnische Zusammenarbeit Grant No. 
984/94/LN. 

t e-mail: PAWLOWSK@fuw.edu.pl 
i e-mail: RRACZKA@fuw.edu.pl 



1 Introduction 



We have proposed in Part I of our work (referred here as I) the Higgs-Free Model 
(HFM) for fundamental interactions [1]. This model - in the limit of flat space- 
time - represents a massive vector boson model for electroweak and strong in- 
teractions, which is perturbatively nonrenormalizable [2], [3], [4]. Hence there is a 
problem of getting predictions for observables from such a model. 

The conventional Standard Model (SM) is tested presently up to one-loop 
radiative corrections [5]. Hence it is natural that we shall derive predictions from 
HFM up to one-loop and compare them with the relevant predictions of SM. 
Fortunately the method for a construction of the one-loop effective lagrangian 
for various nonrenormalizable models with the same gauge symmetry as the SM 
symmetry was developed recently [6], [7]. Hence one has in principle a well elabo- 
rated formalism for a derivation of predictions for observables in HFM in one-loop 
approximation. 

We have shown in Sec. 6 of I that if we choose the ultraviolet (UV) cutoff A 
in HFM equal to the mass ran of Higgs particle then HFM and SM predictions 
almost coincide and they become equal in the limit ran - ► °o. This observation 
is supported also by the experimental fact that if the energy scale of considered 
electroweak processes increases then the central value of the Higgs mass deduced 
from these processes also increases [f]. Thus it looks like that the Higgs mass 
ran plays in fact in SM the role of UV cutoff. We present now in Sec. 2 a 
method for for a determination of predictions for observables in HFM. We show 
in the Appendix that this method is equivalent to the method of one loop ef- 
fective lagrangian presented in [6] if one chooses in the last approach a definite 
renormalization scheme. 

We give in Sec. 3 the HFM predictions for electroweak lepton observables 
which are measured in LEP and SLD experiments. Next we present in Sec. 
4 our predictions for electroweak hadron and mixed hadron-lepton observables 
which are measured in LEP experiments. It is noteworthy that in spite of the 
absence of the Higgs particle in HFM our predictions for electroweak lepton and 
hadron observables agree with experimental data very well and they are close 
to SM predictions. Hence it seems that one does not need a Higgs particle for 
explaining the existing experimental data. 

We discuss in Sec. 5 a possibilities of experimental discrimination between 
SM and HFM. We complete our work with a discussion of obtained results and 
an enumeration of open theoretical and experimental problems connected with 
various aspects of HFM and the conventional SM. 
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2 Derivation of predictions for electroweak ob- 
servables. 



Our model represents in fact the gauge field theory model with massive vector 
mesons and fermions. It is well-known that such models are in general non- 
renormalizable [2] -[4]. We remind however that in the nonrenormalizable Fermi 
model for weak interactions we can make a definite predictions for low energy 
phenomena e.g. for // or neutron decays. The effective method of getting the 
definite predictions for observables from the nonrenormalizable massive vector 
meson gauge field theories was recently developed by Herrero and Morales [6] 
and by Bilenky and Santamaria [7]. This method consist on a derivation of 
the effective lagrangian corresponding to the L-loop approximation of the orig- 
inal nonrenormalizable model from which one can derive the finite expression 
for any observable of the considered theory [7], [8]. In that manner Herrero and 
Morales derived one-loop expressions for the observables Ar and Ap for a simpli- 
fied electroweak model in which fermions are disregarded [6] . Similarly the recent 
progress with the so called Generalized Equivalence Theorem allows to make def- 
inite predictions for the probability amplitudes in nonrenormalizable models like 
gauged nonlinear cr-model or other nonrenormalizable gauge field theory models 
[9]. Hence in our HFM we can obtain definite predictions for electroweak phe- 
nomena if we consider processes with energy scale E below some ultraviolet (UV) 
cutoff A. We have shown in Section 6 of I that the cutoff A is closely connected 
with the Higgs mass ran appearing in the Standard Model. Hence, from this 
point of view, Higgs mass is nothing else as the UV cutoff which assures that the 
truncated perturbation series is meaningful. 

We would like to discuss now the problem of getting predictions from our non- 
renormalizable model for quantities like VK-meson mass mw } sin 2 9% f of effect lve 
Weinberg angle, lepton width T; and other characteristics of Z peak in e + e~ col- 
lision which are measured in so called precision tests of electroweak theories. It is 
known that the SM predictions for these quantities including one-loop radiative 
corrections depend on the unknown value of the Higgs mass. On the contrary, the 
one loop-predictions of our model depend on the cutoff parameter A. One can 
calculate these predictions directly or one can use SM results and correct them 
using Equation (6.3) of I [10]. 

In order to obtain the definite predictions we have to select some "EW-meter" 
i.e. a quantity i?o(A) which is measured with the best accuracy in the present EW 
experiments and which will replace an unknown variable A in the expressions for 
the other physical quantities R{. Inverting the relation i?o(A) we can express A as 
the function of R : A = A(i? ). Then we insert this relation into the expression 
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for all other observables Ri and we get the cutoff-independent definite function 



Ri = Ri(Ro) = Ri(M,Roj) 



(2-3) 



as the prediction of our model. We show in the Appendix that the proposed 
method of derivation of predictions for observables determines a choice of def- 
inite renormalization scheme for the effective field theory connected with our 
nonrenormalizable model. 

We assume that the best candidate for "EW-meter" must fulfill the following 
criteria: 

i) should be measured directly (what excludes sin 2 9^ obtained combining 
results of different asymmetries), 

ii) should be measured with best accuracy relatively to the slope of its A 
dependence what means that the ratio 



must be minimal at the measured central value of R. 

The numerical analysis indicates that the "EW-meter" is presently given by 
the total width of Z-meson T z = 2497.4 ± 3.8. 

We calculated within our model the T^-dependence (2.3) for almost all quan- 
tities measured in the precision tests of EW theories and we deduced from these 
functions HFM predictions for these observables. 

We shall discuss now separately the leptonic and the hadronic observables. 



3 HFM predictions for leptonic observables. 



The leptonic observables are better determined by the theory since in general they 
are almost independent from the strong coupling constant a s and one does not 
encounter in the process of calculation the problem of a hadronization of QCD 
partons into final hadrons. In addition, as we will see below, these predictions in 
our model are only weakly dependent from the top quark mass m t . 

We give in Fig. 3.1 the plot of six lepton electroweak observables as the 
function of Tz obtained in our model after elimination of the ultraviolet cutoff 
A. The quantities are: 

- sin 2 9^ - the sinus squared of the effective Weinberg angle, 

- mw/mz - the ratio of weak boson masses, 

- Ti - the partial Z width of the decay into one lepton family, 

9^ 9^ 2~ ~~ 

- A? = 2', 2 1 = ^fi 1 - the asymmetry of left and right vector-meson- 
lepton couplings, 
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Fig. 3.1 The plots of six lepton electroweak ohservahles as the functions of 
our "EW-meter" Tz- We give for each quantity tree curves corresponding to 
top masses m t = 168GeV , m t = 180GeV and m t = 192GeV respectively and a 
dotted curve which represents SM prediction for m t = 180GeV and mji varying 
logarithmically from 50GeV (right side of the curve) to 2.25TeV. The circles are 
plotted at the central experimental value and the ellipses are plotted at 1 standard 
deviation. 
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- Ap B - the forward-backward asymmetry of lepton pair production at Z 
peak, 

~ Alr - the left-right asymmetry of Z production from longitudinal polarized 
beam. 

The three continuous curves at each plot correspond to our predictions as 
the function of Tz for various top masses. The ball represents the central ex- 
perimental values for considered observable and Tz and the ellipse is plotted at 
one standard deviation from these values. The dotted curves represent the SM 
predictions for m t = 180GeV. We use in all calculations the set of experimental 
data from all LEP groups available in February 1995 [11]; in particular we take 
as the input a s = 0.125, a _1 (m z ) = 128.87 and m z = 91.1888<3eV. We use 
in calculations of all observables the correlation matrix from [11]. We used for 
computation the ZFITTER programme v4.8 (of 07.09.94). 

We see that A cutoff independent predictions from our model almost coincide 
with SM predictions and for most of quantities agree surprisingly well with ex- 
perimental data. Our predictions for lepton observables are almost independent 
from the present uncertainty as to the value of top mass. In Table 3.1 we have 
collected the experimental values, HFM predictions and SM predictions for the 
listed six lepton electroweak observables. 



Observable 


Experimental value 


HFM prediction 


SM prediction 


sin 2 e% f 
m w /m z 
T,[MeV] 

A o,i 

FB 

A LR 


0.2320 ± 0.0003^°;°°°° 
0.8808 ± 0.0007 
83.96 ±0.18 
0.139 ±0.007 
0.0170 ±0.0016 
0.1637 ± 0.0075 


0.2321 ± 0.0006 
0.8808 ±0.001 
83.94 ±0.08 
0.142 ± 0.004 
0.0151 ± 0.0008 
0.142 ± 0.004 


0.2322 ± 0.0003 ± 0.0004 
0.8807 ± 0.0002 ± 0.0007 
83.90 ±0.02 ±0.19 
0.142 ± 0.003 ±0.003 
0.0151 ± 0.0005 ± 0.0006 
0.142 ± 0.003 ±0.003 



Tab. 3.1 Comparison of experimental values, HFM predictions and 
SM predictions for lepton electroweak observables. 

4 HFM predictions for hadronic observables. 

Most of hadronic observables are strongly dependent on the strong coupling con- 
stant ct s and the top quark mass m t . We give in Fig. 4.1 the plot of six hadronic 
electroweak observables as the function of Tz obtained in our model after elimi- 
nation of the ultraviolet cutoff A. The quantities are: 

~ &h = e T 2 ad - the hadronic pole cross section, 

_ p r fead 

6 r\ ,i ' 

L had 
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Fig. 4.1 The plots of six hadron electroweak ohservahles as the functions of our 
"EW-meter" T z . 
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- Ap B - the forward-backward asymmetry of bb pair production at Z peak, 

- A°p° B - the forward-backward asymmetry of cc pair production at Z peak. 
We present in Table 4.1 the comparison of experimental results for hadronic 

observables with HFM and SM predictions. 



Observ. 


Exp. value 


HFM prediction 


SM prediction 


al[nb] 


41.49 ± 0.12 


41.44 ±0.01 ± [0.02] 


41.44 ± 0.004 ±0.01 ± [0.02] 


Ri 


20.795 ±0.040 


20.78 ± 0.009 ± 0.016 ± [0.03] 


20.784 ± 0.006 ± 0.003 ± [0.03] 


Rb 


0.2202 ± 0.0020 


0.2156 ± 0.0004 


0.2156 ±0± 0. 0004 


R c 


0.1583 ± 0.0098 


0.171 ±0 


0.171 ± ± 


A°' b 

FB 


0.0967 ± 0.0038 


0.0995 ± 0.0025 


0.0994 ± 0.002 ±0.002 


A 0,c 
FB 


0.0760 ± 0.0091 


0.071 ±0.002 


0.071 ±0.001 ±0.001 



Tab. 4.1 Comparison of experimental values, HFM predictions and 
SM predictions for hadron electroweak observables. 

We see a remarkable agreement of HFM predictions with experimental data. 



5 Discussion. 

It follows from Tables 3.1 and 4.1, and from equation (6.2) of I that HFM gives 
predictions for EW observables which are very close to SM predictions and which 
surprisingly well describe the experimental data. We are in the process of deriving 
the predictions for other electroweak data - for instance in the low or interme- 
diate energy regions - but it is almost evident that also in these cases the HFM 
will be equally successful. There arises therefore an interesting problem how to 
discriminate between HFM and SM. 
We see two possibilities: 

I. Consider the EW processes in which the SM Higgs particle gives the reso- 
nant contribution. The analysis of such processes like Z-meson pair or W + W~ 
production in gluon-gluon or photon-photon scattering is planned in LEP200, 
LHC or NLC experiments [12, 13, 14]. In these cases the SM gives the character- 
istic pick in the cross section considered as the function of invariant mass of the 
produced particles [12, 13, 14]; contrary the HFM gives the pickless mononotonic 
cross section decreasing with increasing invariant mass. The expected position 
of SM Higgs resonant pick can be estimated from the informations provided by 
EW precision tests. At present these informations are still not very conclusive 
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and essentially depend on the assumptions concerning the set of fitted experi- 
mental data [15]. We can expect, however that this situation will soon improve 
mostly due to the increasing accuracy of the top and W mass measurements 
and the further analysis of LEP1 and SLAC data. The constructed LEP2 and 
LHC accelerators will be probably able to test directly the region of the Higgs 
mass predicted by the precision tests. The possible negative result of the direct 
searches for the Higgs particle with the mass ran in the interval admissible by 
EW precision tests would represent an evident contradiction in the frame-work 
of SM. The above contradictions will not appear in HFM since there the Higgs 
particle is absent. 

II. Consider the electroweak processes at various energy scales. We have 
shown in I. Sec. 6 that all the present low energy data give the sin 2 6w of the 
Weinberg angle smaller than the high energy experiments [5, 11]. This implies 
that the admissible Higgs mass interval read off from the high energy experiments 
is smaller than the corresponding interval from the low energy experiments. If the 
planned increase of the precission of low energy experiments [16] will imply that 
the admissible Higgs mass intervals from the low and the high energy experiments 
will be disjoint we obtain a contradiction within the frame-work of SM. This 
contradiction will not appear in HFM since the Higgs particle is absent in this 
model and the Higgs mass parameter is replaced by the UV cutoff A which may 
change with the energy scale. 

We see therefore that expected in a near future considerable increase of accu- 
racy of EW precision tests in high and low energy region and the new accelerator 
experiments may provide a crucial tests for Standard and Higgs-Free Models. 
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Appendix. 

We have proposed in Section 2 a method of getting of the cutoff independent 
predictions from our model. We show now that this method is equivalent to 
a selection of a definite renormalization scheme in our model. For the sake of 
simplicity we shall present our arguments in case of nonrenormalizable cr-model 
obtained from the SM in the limit mu — ► oo restricted to the boson sector only. 
This model was considered in detail by Herrero and Morales (H-M) in the series 
of papers [6]. We shall consider for an illustration two basic electroweak radiative 
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corrections Ar and Ap. In our method, using the dimensional regularization we 
have the following cutoff dependent representation for these quantities: 



Ar = Ar F + k r A £ ; Ap = Ap F + k p A £ . 

Here Ar and Ap represents the finite cutoff independent part of Ar and Ap 
respectively in which all conventional one-loop renormalizations of coupling con- 
stants masses etc... were carried out and 

2 

A e = 7£ + ln47r, £ = 4-D. (A.I) 

e 

The term kA e is the UV divergent term which in the conventional SM is canceled 
by the contribution from Feynman diagrams with the Higgs internal lines (absent 
in our and H-M models). Using the method proposed by us in Sec. 2 we get the 
cutoff independent relation between observables 

Ap = ^Ar + Ap F - Y Ar F- ( A - 2 ) 

We now show that using the full analysis of H-M we get the same relation if 
we choose a definite renormalization scheme (RS) which we shall specify. 

We recall that the method of H-M is based on the technique of effective one- 
loop lagrangians associated with the given nonrenormalizable model. In H-M 
model the effective lagrangian is given by the formula 

13 

Lh-m = Lnl + o\Li (-4-3) 
;=o 

where L^l is the lagrangian of the original nonrenormalizable gauged nonlinear 
cr-model with SU)2)l x U(l) symmetry and the second term contains fourteen 
counterterms of dimension four which assure that the calculated in one-loop ap- 
proximation observables will be finite. The coefficients a\ represent the bare 
unrenormalized coupling constants associated with counterterms [6]. H-M obtain 
the following formula for Ar and Ap: 

13 

Ar = Ar F + ^ rm + C r , 

1=0 
13 

A P = App + ^pm + Cp. (AA) 

1=0 

Here r\ and pi } / = 0, ...13, C r , and C p are known, numerical coefficients and a;, / = 
0, ...,13 are the renormalized coupling constants associated with counterterms. 
From (A. 4) we obtain 
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k h 13 h 

Ap = fAr + A PF - fAr F + ]T(^ ~ 7>)«, + C - ^ 

The quantities a; are depending on RS; one can see explicit example in the 
work by Gasser and Leutwyler [17], [6]. Therefore they cannot be calculated from 
the parameters like coupling constants, masses etc. of the original lagrangian L^l 
in (A. 3). They can be determined only by the comparison of fourteen independent 
observables with the prediction of the form (A. 4) of these observables. Comparing 
our expression (A. 2) with the general H-M expression (A. 5) we see that we get 
our result if we use as the one of the fourteen conditions determining the RS the 
condition 

13 , 

- T^a, + <7 = 0. (A6) 

;=o 

Expressing 14 independent observables ... i? i4 in terms of say R (equal e.g. 
to Ar) we shall get 14 conditions 



13 J^Yh 

(p1-JL r -) ai = C ni n = l,...14. (A7) 

1=0 ^ 

From (A. 7) the coupling constants will be calculated and they will determine 
the RS chosen by our method. 

Comparing our method with the conventional MS RS we see that we just 
cancel the divergent terms in observables; we see therefore that our method re- 
semblance the MS RS applied on the level of observables. 

If we would joint the fermion sector we would obtain in (A. 3) more coun- 
terterms and the resulting new coupling constants af coming from the fermion 
sector. However it is evident that our method will work in the same manner. 



References 

[1] M. Pawlowski and R. Raczka, A Higgs-Free Model for Fundamental Interac- 
tions, Part I: Formulation of the Model, preprint, ILAS/EP-3-1995, Trieste. 

[2] See e.g. i) M. Veltman, Nucl. Phys. B7 (1968) 637, ii) D.G. Boulware, Ann. 
of Phys. 56 (1970) 140, iii) J.C. Taylor, Gauge Theories of Weak Interactions 
Ch. 2, Cambridge University Press (Cambridge 1976). 

[3] A. Burnel, Phys. Rev. D33 (1986) 2981; ibid. D33 (1986) 2985. 



10 



[4] R. Delbourgo, S. Twisk and G. Thompson, Int. Jour. Mod. Phys. A3 (1988) 
435. 

[5] See e.g. P. Langacker, Tests of the Standard Model and searches for new 
physics, Precision tests of the Standard Electroweak Model, ed. P. Langacker 
(World Scientific, Singapore, 1994); J. Erler and P. Langacker, Implications 
of high precision experiments and the CDF top quark candidates; preprint 
UPR-0632T, Bull. Board: hep-ph 9403303. Experiments and the Constraints 
on the Standard Model, preprint CERN/PPE/94-187. 

[6] See e.g. M.J. Herrero and E.R. Morales, Nucl. Phys. B418 (1994) 341; M.J. 
Herrero and E.R. Morales, Non-decoupling effects of the SM Higgs boson 
to one loop, preprint FTUAM 94/11, Bull. Board: hep-ph 9411207 and 
references contained therein. 

[7] M. Bilenky and A. Santamaria, One-loop Effective Lagrangian for Standard 
Model with a Heavy Charged Scalar Singlet, preprint CERN-TH 7030/93. 

[8] For a pedagogical introduction see e.g. J. Donoghue, E. Golowich and B.R. 
Holstein, Dynamics of the Standard Model, Cambridge University Press, 
1992. For reviews see e.g. S. Weinberg, Conference Summary, UTTG-25- 
92, Talk presented at the XXVI International Conference on High Energy 
Physics, Dallas, Texas, August, 1992; F. Feruglio, Int. J. Mod. Phys. A8 
(1993) 4937; M.B. Einhorn, Beyond the standard model with effective La- 
grangians, preprint UM-TH-93-12. 

[9] C. Grosse-Knetter, The Equivalence Theorem for Heavy-Higgs Standard 
Model and the Gauged Nonlinear cr-Model Bull. Board: hep-ph 9405412. 

[10] S. Dittmaier et al, Nucl.Phys. B426 (1994) 249. 

[11] The LEP Collaborations ALEPH, DELPHI, L3, OPAL and The Elec- 
troweak Working Group, Combined Preliminary Data on Z Parameters from 
LEP Experiments and the Constraints on the Standard Model, preprint 
CERN/PPE/94-187. 

[12] ATLAS Coll., ATLAS - Technical Proposal, CERN/LHCC/94-43, 
LHCC/PZ. 

[13] E.W.N. Glover and J.J. Van der Bij, Nucl. Phys. B321, 561 (1989). 
[14] G. Jikia Nucl. Phys. B405, 24 (1993). 



11 



[15] J. Ellis, talk on the LEP2 Higgs Group meeting, CERN, 2.05.95; S. Pokorski, 
talk on the LEP2 Higgs Group meeting, Munich, 2.03.95; M. Consoli and 
Z. Hioki, Indications on the Higgs mass from the LEP data, Bull. Board: 
hep-ph 9505249. 

[16] M.-A. Bouchiat in Neutral Currents - 20 years later p. 247 eds. U. NGueyen- 
Khac and A.M. Lutz, (World Scientific 1994). 

[17] J. Gasser and H. Leutwyler, Ann. of Phys (N.Y.) 158 (1984) 142. 



12 



